A STRUCTURE AND MANUFACTURING PROCESS OF 
A NANO DEVICE TRANSISTOR FOR A BIOSENSOR 



BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to a 
structure, manufacturing process and related 
circuit for a nano device transistor for a 
biosensor so as to achieve the object of 
detecting the specific species for bio 
measurement . 



2. Description of the Prior Art 

In the journal of "Science" published in 
2001, Professor Charles M . Lieber, the 
professor of the chemical department of 
Harvard university, published a paper related 
to the manufacturing of the biological and 
chemical sensor by using nano wire. As shown 
in Fig . 1 , the refurbished nano wire 10 is used 
for absorbing different anti-bodies 12. After 
the antigen 14 and the anti-body 12 are combined 
and absorbed on the surface of the nano wire, 
the relative polarization (dipole) effect of 
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the electric charges in the molecule on the 
nano wire 10 is equivalent to the effect of 
forming a fixed bias on the surface of the nano 
wire. This bias will affect the energy band 
of the nano wire so that the status of the 
current conduction will be varied. By sensing 
the variation of the status of the current 
conduction, it can be detected whether the 
specific antigen exist. In addition, by 
changing the anti-body 12 initially absorbed 
by the nano wire 10, the different kind of the 
antigen 14 can be detected. 

Fig. 2 is the perspective diagram of a prior 
art device structure for bio measurement. An 
o x i d-i zation layer 22 for insulation is 
positioned on a silicon substrate 21 , and metal 
drain 23 and source 24 capable of electric 
conduction are deposited on the oxidization 
layer 22. A nano channel layer 25 is deposited 
between the drain 23 and the source 24 for 
conducting the drain 23 and the source 24 . When 
performing the bio measurement, the object 26 
to be detected is dripped to be positioned on 
the source and drain 23, 24 and the nano channel 



layer 25, and a fixed bias effect is formed 
on the surface of the nano channel layer 25 
so that the status of current conduction 
between the source and the drain will be varied. 

Generally, the prior art carbon nano tube 
and nano wire transistor have the 
characteristic of two-way conduction 
(ambipolar) . Under the different absorbing 
concentration of the bio object on the surface 
of the carbon nano tube and the nano wire, the 
bias level of the threshold conduction voltage 
will be different because of the different 
polarization effects of the electric charges. 
Please refer to Fig. 3. Fig. 3 is the prior art 
vol t age - cur rent diagram. The horizontal axis 
represents the gate voltage (V) , and the 
vertical axis represents the variation of the 
current (I) du r i ng t h e d e t e c t i o n . When the gate 
voltage is controlled to be OV during detection, 
compared with the original conduction 
characteristic (as shown by the original curve 
31) when not detecting, the practical 
existence of the object to be detected will 
affect the conduction characteristic of the 



carbon nano tube and the nano wire transistor, 
but because of the characteristic of two-way 
conduction, the current maybe less than (as 
the first position 32) , equal to (as the second 
position 33) , or greater than the original 
current (as the third position 34) . Therefore, 
when the number of the bio objects to be 
detected, which are absorbed on the surface, 
the misjudgment is easily happened. 

In order to resolve the possibility of the 
misjudgment, it is necessary to use a nano 
device transistor having the characteristic 
of one-way conduction. This object can be 
achieved by rigidly controlling the impurity 
doping concentration of the carbon nano tube 
and the nano wire. However, the dependence on 
the stability of the manufacturing process is 
too great, and it is not easy to control the 
uniformity of the practical impurity doping 
concentration. Therefore, the conduction 
characteristic of the device will be affected. 
Thus, the present invention provides the 
structure and the manufacturing process of a 
nano device transistor for a biosensor so as 



to achieve the characteristic of one-way- 
conduction. By applying this structure, the 
correct judgment for the signals can be 
achieved . 

5 Furthermore, in order to conveniently 

detect the different polarized electric 
charges after the different objects to be 
detected are absorbed on the nano channel layer 
25, the nano device transistor having the 

10 conduction characteristics of the p- type and 
n-type semiconductors provides the greater 
flexibility of the detection method. However, 
under the atmosphere, the carbon nano tube and 
the nano wire presents the characteristic of 

15 the p-type semiconductor. In order to 
manufacture the carbon nano tube and the nano 
wire having the characteristics of the n-type 
semiconductor, the inside oxygen has to be 
effectively excluded. For example, the 

20 annealing under the vacuum, or using the 
solution of alkali metal ions to dope the carbon 
nano tube, or using the in-situ doping method 
to dope the nano wire, and so on. However, the 
above methods are not effective, and the 
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results are not good. The conductive currents 
for the manufactured n-type semiconductor 
carbon nano tube and the nano wire transistor 
are not large. Therefore, the present 
invention provides a structure and 
manufacturing process for a double-gate 
carbon nano tube and nano wire transistor 
having the tunable vo 1 t ag e - c on t r o 1 1 e d p-type 
or n-type conduction characteristics. 
Therefore, the object of p-type or n-type 
conduction can be achieved without modulating 
and controlling the manufacturing process. 

Since the professor Charles M. Lieber 
published the article related to manufacture 
the bio and chemical sensor by using the nano 
wires, many researches are devoted to apply 
the carbon nano tube and the nano wire 
transistor to detect the different bio and 
chemical objects. However, the structure and 
circuit for the nano device transistor is not 
mentioned. Therefore, the present invention 
provides a structure and manufacturing 
process of a nano transistor for a biosensor 
so as to improve the correctness and the 



judgment of the detection and achieve the 
design of the p-type and n-type tunable 
conduction. The present invention provides 
the effective solution to resolve the problems 
of the prior art, and apply the serial 
connection or parallel connection structure 
of the nano device transistor for the biosensor 
to promote the sensitivity of the detection. 

SUMMARY OF THE INVENTION 
The present invention relates to a 
structure and manufacturing process of a nano 
device transistor for a biosensor. The 
structure, the manufacturing process and the 
related circuit for a nano device transistor 
for a biosensor are provided. The refurbished 
carbon nano tube and nano wire are used for 
absorbing various anti-bodies so as to detect 
the specific antigens or absorbing various 
biotins. Therefore, the object to detect the 
specific species for bio measurement can be 
achieved . 

The manufacturing process comprises the 
following steps: depositing a bottom gate on 



a silicon substrate having Si0 2 deposited on 
it; depositing a gate oxidization layer to be 
an interface layer for insulating the bottom 
gate; coating a nano channel layer; depositing 
a metal electrodes on the nano channel layer 
and the gate oxidization layer, and performing 
coating, lithography, etching to form a drain 
and a source on the boundary of the nano channel 
layer and the gate oxidization layer; 
depositing a protection layer and performing 
the coating, lithography and wet etching to 
form a first protection layer and a second 
protection layer. The first protection layer 
and the second protection layer are used for 
separately covering and insulating the drain 
and the source, and an off-set area is defined 
on the boundary of the first protection layer 
and the second protection layer and the nano 
channel layer; and performing the lithography 
wet etching to define a detection area for 
detecting an object so as to achieve the object 
of the detecting the specific bio species for 
bio measurement. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are 
incorporated in and form part of the 
specification in which like numerals 
5 designate like parts, illustrate preferred 
embodiments of the present invention and 
together with the description, serve to 
explain the principles of the invention. In 
the drawings: 
10 Fig.l is a perspective diagram of an 

anti-body and an antigen on the surface of the 
prior art nano wire; 

Fig. 2 is a perspective diagram of a 
structure of a prior art bio detection device; 
15 Fig. 3 is a voltage-current diagram of the 

prior art bio detection device; 

Fig.4A to Fig . 4F are perspective diagrams 
for the manufacturing process of an off-set 
nano device transistor according to the 
20 present invention; 

Fig.5A to Fig . 5H are perspective diagrams 
for the manufacturing process of a double gate 
nano device transistor according to the 
present invention; 



9 



Fig. 6 is a perspective diagram of a serial 

connection structure of a nano device 

transistor for a biosensor according to the 
present invention; and 

Fig. 7 is a perspective diagram of a 

parallel connection structure of a nano device 

transistor for a biosensor according to the 
present invent ion . 



DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT 

Because the carbon nano tube and the nano 
wire device transistor for the bio and chemical 
sensor having the characteristic of the 
two-way conduction, the misjudgment will be 
easily caused when the number of the bio and 
chemical objects to be detected which are 
absorbed on the surface of the nano device are 
varied. Therefore, the present invention 
provides an off-set nano device transistor 
having the characteristic of one-way 
conduction. Even though the number of the bio 
objects to be detected which are absorbed on 
the surface of the nano device are different, 
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the variation trend of the detection current 
varies in the same direction. This makes the 
misjudgment not easily happen. 

Please refer to Fig . 4A to Fig.4F. Fig . 4A 
to Fig . 4F are perspective diagrams for the 
manufacturing process of an off-set nano 
device transistor. As shown in Fig.4A, a bottom 
gate layer 42 is deposited on a silicon 
substrate 41 having Si0 2 deposited on it. This 
bottom gate layer 42 can be made of metal, 
poly-silicon, and so on, and the bottom gate 
layer 42 can be patterned by using a lithography 
etching method according to the practical 
requirements for the design. As shown in Fig.4B, 
a gate dielectric layer 43 is deposited to be 
an interface layer for insulating the bottom 
gate 42. This gate dielectric layer 43 can be 
a dielectric layer made of the material of SiO x , 
SiN x and so on, and the material is required 
not to be reacted with the surfactant, the 
anti-body and the antigen in chemical bonding. 
As shown in Fig.4C, a nano channel layer 44 
for the nano device is coated. As shown in 
Fig.4D, the metal electrodes of drain 45a and 



11 



source 45b made of metal material are formed 
between the boundary of the nano channel layer 
44 and the gate oxidization layer 43. By 
applying the pho t o - r e s i s t an t coating and the 
exposure lithography, the metal electrodes 
are patterned so as to define the upper area 
of the nano channel layer 44 and the areas of 
the drain 45a and the source 45b for the nano 
device. As shown in Fig . 4E , a protection layer 
made of the material of SiO x or SiN x is deposited 
above the areas of the drain 45a and the source 
45b. This protection layer is made of the 
material which will not react with the 
surfactant, the anti-body and the antigen in 
chemical bonding. Then, by performing the 
coating, lithography, wet etching, the 
detection area is defined. As shown in the 
figure, after the etching, a first protection 
layer 46a and a second protection layer 46b 
are remained on the drain and the source for 
separately covering the drain 45a and the 
source 45b. In addition, an off-set area is 
formed on the joining portion of the first 
protection layer 46a, the second protection 
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layer 46b and the nano channel layer 44. The 
final structure for the nano device transistor 
and the object 47 to be detected are shown in 
Fig . 4F . Before the object to be detected is 
dripped, the nano channel 44 is refurbished 
in advance so that the surfactant and the 
anti-body for the object to be detected are 
absorbed on the refurbished nano channel 44 
for detecting the object. This object 47 to 
be detected is dripped on the off-set carbon 
nano tube and nano wire transistor device, and 
then is in touch with the protection layers 
46a, 46b on the drain 45a and the source 45b 
for insulation, and also in touch with the nano 
channel layer 44. 

In the mentioned structure, the nano 
device transistor controlled by the bottom 
gate 42 is accomplished, and the off-set area 
is formed. The existing of the off-set area 
makes this off-set nano device transistor 
having a better correctness and judgment. At 
the same time, because the two electrodes of 
the drain 45a and the source 45b are confined 
in the insulation layers (namely, the first 
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protection layer 46a and the second protection 
layer 46b, the electrodes of the drain 45a and 
the source 45b are effectively prevented from 
chemically reacting with the object 47 to be 
detected in oxidization. Therefore, the drain 
45a and the source 45b are not limited to be 
made of the material of inactive metal, and 
the short circuit problem caused by the source 
and drain 45a, 45b directly reacting with the 
bio-chemical solution can be avoided. The 
present invention forms a fixed bias effect 
on the surface of the nano channel layer 44, 
and the bias effect will affect the energy band 
of the nano channel layer 44 so that the status 
of current conduction will vary. By sensing 
the variation of the status of the current 
conduction, the existence of the specific 
antigen can be detected, and by changing the 
anti-body originally absorbed on the nano 
channel layer 44, the object of detecting 
different kinds of the antigens can be 
achi eved . 

The present invention further applies a 
double gate device structure for 
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manufacturing a bio-chemical sensor of a nano 
device transistor. This double gate structure 
can modulate the short gate bias based on 
requirements so as to form p-type and n-type 
carbon nano tube and nano wire transistor 
suitable to detect the bio-chemical object 
with various polarizations of electric 
charges. The structure also can be changed to 
be a serial connect ion structure and a parallel 
connection structure (as shown in Fig. 6 and 
Fig. 7) , and the present invention is not 
limited to the method of controlling the doping 
concentration by using the manufacturing 
process to form the p-type and n-type carbon 
nano tubes and nano wire transistors. 

Please refer to Fig . 5A to Fig.SH. Fig . 5A 
to Fig . 5H are perspective diagrams for the 
manufacturing process of a double gate nano 
device transistor according to the present 
invention. As shown in Fig.5A, a bottom gate 
layer 52 is deposited on the silicon substrate 
51 having Si0 2 deposited on it. This bottom 
gate 52 can be made of the material of metal, 
poly-silicon, and so on. According to the 
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practical requirements for the design, the 
lithography etching method can be applied for 
patterning. As shown in Fig. 5B, a gate 
oxidization layer 53 is deposited to be a 
dielectric layer for insulating the bottom 
gate 52. The material of the layer 53 can be 
SiO x or SiN x/ which will not react with the 
surfactant, the anti-body and the antigen in 
chemical bonding. As shown in Fig. 5C, a nano 
channel layer 54 is coated for the nano device. 
As shown in Fig.5D, the metal electrodes of 
the drain 55a and the source 55b are formed 
on the boundary of the nano channel layer 54 
and the gate oxidization layer 53. By 
performing the pho t o - r e s i s t anc e coating and 
the exposure lithography, the metal 
electrodes 55a, 55b are patterned so as to 
define the upper area of the nano channel layer 
54 and the areas of the drain 55a and the source 
55b for the nano device. 

As shown in Fig.5E, a ceiling gate 
dielectric layer 56 is deposited for 
insulating the drain 55a, the source 55b and 
the nano channel layer 54 from the device above 
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the nano device transistor. As shown in Fig. 5F, 
a layer of ceiling gate 57 made of metal 
material is deposited on the ceiling gate 
dielectric layer 56, and the lithography 
5 etching method is applied to define the shape 
of the ceiling gate 57. The position of the 
ceiling gate 57 can be any position on the 
ceiling gate dielectric layer 56, and the 
ceiling gate 57 covers a portion of the nano 

10 channel layer 54. As shown in Fig. 5G, after 
a protection layer deposited, the lithography 
etching method is performed to etch downward 
the protection layer and the ceiling gate 
dielectric layer 56 by wet etching (Fig. 5F) 

15 so as to form the first ceiling gate dielectric 
layer 56a and the second ceiling gate 
dielectric layer 56b. The first protection 
layer 58a and the second protection layer 58b 
cover the surfaces of the ceiling gate 

20 dielectric layers 56a, 56b positioned at two 
sides so as to define and form a hollowing 
detection area for detecting the bio object. 
As shown in Fig. 5H, the object 59 to be detected 
is in touch with the nano channel layer 54 of 
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the detection area. 

Therefore, the double gate nano device 
transistor is accomplished. When performing 
the detection for the bio object, the bio object 
(antigen) is dripped on the uncovered area of 
the nano device (such as the nano channel layer) 
When there is an antigen matching with the 
anti-body on the surface of the nano device, 
the antigen will be absorbed and fixed on the 
nano device so as to produce the polarization 
effect of the electric charges . This will cause 
the variation of the energy band of the nano 
de vi ce. 

The structure and manufacturing process 
of the nano device transistor for the biosensor 
according to the present invention is suitable 
for detecting the bio-chemical objects with 
various polarizations of electric charges, 
and the structure can be changed to be the 
.serial connection structure and the parallel 
connection structure. Furthermore, the 
present invention is not limited to the method 
of controlling the doping concentration by 
using the manufacturing process to form the 
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p-type and n-type carbon nano tubes and nano 
wire transistors. The following is the 
description for the serial and parallel 
connect ion structures. 

Please refer to Fig. 6. Fig. 6 is a 
perspective diagram of a serial connection 
structure of a nano device transistor for a 
biosensor according to the present invention. 
The nano device transistors 60 manufactured 
by the manufacturing process shown in Fig.5A 
to Fig . 5H are serially connected to form a 
serial connection structure of a double gate 
nano device transistor. As shown in Fig. 6, the 
two portions of the structure are symmetrical 
along the source 55b. Two bottom gates 52 are 
separately deposited on the silicon 
substrates 51 having deposited Si0 2 for the 
nano device transistors 60. The bottom gates 
52 can be made of the material of metal, 
poly-silicon, and so on. According to the 
practical requirements for the design, the 
lithography etching method is performed for 
patterning. The bottomgates 52 are surrounded 
and confined by the gate dielectric layers 53 
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so as to insulating the bottom gates 52 from 
the outside. The gate dielectric layers 53 can 
be made of the material of SiO x or SiN x , which 
will not react with the surfactant, the 
anti-body and the antigen in chemical bonding. 
The drain 55a and the source 55b of the nano 
device transistor 60 are positioned on the gate 
dielectric layer 53 , and the nano channel layer 
54 is coated between the drain 55a and the 
source 55b. The nano channel layer 54 is made 
of the nano material, the carbon nano tube or 
the nano wire. 

A first ceiling gate dielectric layer 56a 
and a second ceiling gate dielectric layer 56b 
are deposited on the drain 55a and the source 
55b for insulating the drain 55a, the source 
55b and the nano channel layer 54 from the 
device on the nano device transistor 60. A 
ceiling gate 57 made of metal material is 
further deposited on the ceiling gate 
dielectric layer for being the electrode of 
the nano device transistor 60. The position 
of the ceiling gate 57 can be any position on 
the ceiling gate dielectric layers 56a, 56b, 
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and the ceiling gate 57 covers a portion of 
the nano channel layer 54. On the surfaces of 
the ceiling gate dielectric layer 56a and the 
second ceiling gate dielectric layer 56b, the 
first protection layer 58a and the second 
protection layer 58b separately form the 
hollowing detection area for detecting the bio 
object. Finally, the object 59 to be detected 
is in touch with the nano channel layer 54 of 
the detection area, and the first protection 
layer 58a and the second protection layer 58b 
will insulate the electrode in the device so 
as to avoid the short circuit between the 
electrodes caused by the electric ions in the 
object 59 to be detected. 

As for sensitivity of the detection for 
the bio object by the nano device transistor 
biosensor, it is related to the number of the 
bio objects bonded on the surface of the nano 
device, such as the carbon nano tube or the 
nano wire, and therefore, in order to increase 
the sensitivity of the detection, the serial 
connection structure can be applied to 
increase the touching area of the nano device. 
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Furthermore, when the object 59 to be detected 
exists , the status of the sensor will be changed 
from "ON" to "OFF". In addition, the serial 
connection structure of the nano device 
transistor 60 can be used for increasing the 
sens i t i vi t y . 

Furthermore, a plurality of off-set nano 
device transistors made by the manufacturing 
process shown in Fig . 4A to Fig . 4F also can be 
connected to form a serial connection 
structure of the off-set nano device 
transistors . 

Fig. 7 is a perspective diagram of a 
parallel connection structure of a nano device 
transistor for a biosensor according to the 
present invention. A plurality of nano channel 
layers 54 are connected between the drain 55a 
and the source 55b in the structure of the 
double gate nano device transistor so as to 
form a parallel connection structure of the 
double gate nano device transistor. Fig. 7 
presents a top view of the nano device 
transistor 60 in parallel connection 
structure. A plurality of nano channel layers 
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54 are connected in parallel between the drain 
55a and the source 55b. Under them, there is 
a bottom gate 52, and a first ceiling gate 
dielectric layer 56a and a second ceiling gate 
dielectric layer 56b cover on the drain 55a 
and the source 55b. A ceiling gate 57 is 
positioned on the second ceiling gate 
dielectric layer 56b, and the protection 
layers 58a, 58b for insulation are separately 
positioned on the first ceiling gate 
dielectric layer 56a and the second ceiling 
gate dielectric layer 56b. Besides, when the 
object 59 to be detected exists so as to make 
the status of the sensor changed from "OFF" 
to "ON", the parallel connection structure of 
the nano device transistor 60 can be used for 
increasing the sensitivity. This parallel 
connection structure also can be realized by 
using an external circuit to connect the drains 
55a and the sources 55b of the plurality of 
double gate nano device transistors. By 
applying the parallel connection structure or 
the serial connection structure, the 
sensitivity of the detection for the bio object 
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can be increased. 

Similarly, a parallel connection 

structure of the off-set nano device 
transistor can be realized by connecting a 
plurality nano channel layers 54 in the 
structure of the off-set nano device 
transistor produced by the manufacturing 
process shown in Fig . 4A to Fig.4F. Furthermore, 
the parallel connection structure also can be 
realized by connecting a plurality of off-set 
nano device transistors made by the 
manufacturing process shown in Fig . 4A to 
F ig . 4 F . 

The above is the detailed description of 
the structure and manufacturing process of the 
nano device transistor for the biosensor 
according to the present invention. This 
structure applies the off-set, double gate 
together with the serial connection and 
parallel connection structures so as to 
achieve the object of detecting the specific 
bio species for bio measurement. 

Those skilled in the art will readily 
observe that numerous modifications and 
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alterations of the device may be made while 
retaining the teachings of the invention. 
Accordingly, the above disclosure should be 
construed as limited only by the metes and 
bounds of the appended claims. 
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